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Assembly of the graphite inert gas heater has progressed to 
the point where the heater wil l  be Taken up to temperature in a s e r i e s  of tes t s  
over the next few months. Mild problems w e r e  encountered during assembiy, 
but indications a r e  that the unit should be reasonably troubled in operation. 

A simple design has been chosen for the first experimental 
channel since it is likely that changes wi l l  need to be incorporated a s  work 
progresses .  

Fairly extensive changes have been made to the design for the 
The major change is from H-laminations to C- D. C. electromagnet. 

laminations in order  to  provide much better facilities for optical studies of 
the flowing plasma. 
6-in. x loin. gap which is over 40 inches long. The magnet wi l l  be available 
in December, 1966. 

The iron pole faces have been changed to provide a 

Most of the engineering design and a large par t  of the physical 
construction have been completed. Increasing attention can now be turned 
to diagnostic problems with the flowing plasma. 

The time schedule f o r  operation is for heater tes t s  during 
September - October, 1966, cold and hot gasdynamic flows during October - 
November, hot plasma flows without magnetic fields during December and 
full-scale operation in the early part of January,  1967. 
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1. IN1”ODUCTION 

This report  is the first  serni-annual report  written under 
This  grant is supervised under the guidance of Grant NGR 52-026-012. 

Mr. N. John Stevens, Spacecraft Technology Division, Lewis Research Center, 
NASA. 
gasdynamic power generators with specific emphasis on l o w  -pressure 
ope ration. 

The grant is for  the investigatioiz o f  operations of magneto- 

Although the grant began on December 1, 1965, work could 
not be s tar ted until May 1, 1966 when graduate students became available as 
r e sea rch  assistants.  This report  covers work actually performed during 
the May 1 - August 31, 1966 period. 

This research  is co-sponsored with NASA. Equipment costs  
for  the facility are being met by research grants f rom the Defence Research 
Board and the National Research Council. i n  Canada. 

Scientific Personnel 

4. .a* 
Professor  Stanley J. Tovvrnsend 
Mr. C. A. Hei-som, Research Assistant 
Mr. B. Grace, Research Assistant *’* 

Mr. C. Yeh, Research Assistant “* 

Mr. G. Hrycko, Research Assistant + 
Mr. J. Manning, Research Assistant, 

.!, 

.b 

+ 

::: M. A. Sc. students 
+ Summer students 

2. MHD POWER GENERATION FACILITY 

A general description of the experimental facility can 
probably best  be given by reproducing the abstract  of a paper which was  to 
be presented to the IAEA MHD Power Generation Symposium in Salzburg, 
Austria,  July 4-8, 1966. This abstract  wa.s submitted in 1965 before the 
present  grant was instituted. 

Design and Construction of a Magnetogasdynamic Power Generator 

The design features of a supersonic magnetogasdynamic 
power generation facility are outlined. 
channel operating between two reservoi rs  whose p res su res  can be scaled up 
or down in o rde r  to achieve various operating conditions in the channel, 

The generator is essentially an MGD 

The upstream reservoir  is a gas heater comprising a bed of 
graphite pebbles in a thermally insulated p res su re  vessel .  The vessel is of 
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trLnsier core itself is 0. 46 m in diameter and 0. 86 m in height. Right- 
cylindrical graphite pellets, 2 c m  in height, were selected in order to 
minimize the pressure drop across  the bed unJer high mass  flo1.v rates.  
Mass flow ra tes  of up to 2 - 3  kg / s  a r e  possible with reasonable ra tes  of 
decrease in bed temperature. 
a r e  possible at stagnation temperatures up to 2500 OK. 
brought up to temperature by radiation f r o m  three internal heating tubes. 
The clectrical heating power to these tubes is 120 k W  from a 50 V, 1600 
A three-phase transformer. Overall, the heater closely simulates a 3-MW 
nuclear reactor. 

I. 37 ~1 ki dlai-iictei- ziid 2 .  7.3, 111 in iieignr;. i n e  heat 

Stagnation pressures  of up to 8 atmospheres 
The graphite bed is 

The downstream reservoir is a steel vacuum sphere, 13 m 
in diameter, having a volume of 925 m3. 
p re s su res  between 5 and 1000 Torr.  

It is capable of being operated at  

The supersonic diffuser downstream of the MGD channel is 
formed from water-cooled steel  piping. 
heat exchanger that cools the flow before it is dumped into the vacuum sphere. 

It is connected to a downstream 

The magnetic field w i l l  be supplied by an iron-core, water- 
cooled electromagnet capable of filling a 
with a field having an intensity of 2 Wb/m . 

0 cm x 15 cm x 100 cm volume B 
Initially, a 5 cm x 10 cm flow channel will  be installed. 

Design operation is aimed at Mach numbers of 0. 8 and 2. 0 by the use of 
interchangeable nozzle blocks matching the channel inlet. 
static p res su re  can be varied between 0. 1 and 5 al.,L1ospheres. 

The channel 

In supersonic operation at Mach 2. 0, the flow speed is of the 
order  of 1. 2 km/s, resulting in induced electric fields of up to 2. 4 kV/m. 
This resul ts  in open circuit voltages across  the channel of up to 240 V. 

Detailed diagnostic studies are planned for electric field and 
current  measurements in the boundary layers  over the cathode and anode. 
Studies a r e  also planned for MGD boundary layers  on flat plates inserted into 
the isentropic core of the channel. 

Construction of the facility has progressed to the stage where 
3 o w  tes t s  wil l  soon be s tar ted in order to tes t  operation of neutral gas flows. 

3. GRAPHITE INERT GAS HEATER 

A steel  p ressure  vessel 1. 37 m (54 in. ) in diameter and 2 .  74  m 
(138 in. ) in height was designed and constructed to operate a: 2 pressure  
rating of 103 psig (Figs. 1 &2. A water jacket surrounds the vessel in order  



,,o C L I ~ ( : ~ ~ r  - 7  

b L J c r a d L l ~ i g  aL 2529 O X  and the w z w r  Jacket ai 31a°K, approximaxeiy 30 k\V of 
k a t  ~il! SC lost  across  the thermal insulation. 
ine heater stagnation temperature since the power input is 115 K'iii-. 

operziion with personnel hi the laboratory. 'Nith the g r q h i t e  core 

This se t s  Z G  .,;;?cr l o s s  on 

During late July, all the preparations had been -nade for heater 
asscmbly, and all the graphite pieces were lowered into the pressure  vessel. 
Sorr,e difficulty was encountered with the plates which center the lower head 
on the s ix  carbon supports. This w a s  overcome by gluing the plates onto the 
lower head in situs with carbon cement . It is not expected that vibration of 
the vacuum sphere pumping diesels in the room below wi l l  be any problem. 

Further difficulties were encountered when it was discovered 

This was solved by sandpapering out a two-inch 
This was then fitted 

that the manufacturer of the graphite conponents had turned down one r i m  of 
the lower header too large. 
section of the inside bottom of the large outer annulus. 
down over the lower header with fine strands of carbon string a s  a seal against 
laripblack which might tend to blow through the fitted joint. The remaining 
pieces went together without any serious problems. 

The electrical  connections between the secondary of tile 
heating t ransformer and the top of the three graphite heating elements have 
sti l l  to be completed. 
in the bottom of the heater will be monitored by an automatic infrared 
pyrometer.  
pyrometer.  

The temperature of the graphite current-carrying rir,g 

Control of the transformer is automatically carr ied out  by the 

The thermal insulation of the heater is complt'ie except for  
graphite felt padding across  the top and sides of the uppi',- 
problems a r e  expected with shifting of the lampblack insL.*'.,ion under ful l -  
p ressure  runs. 
loading and unloading of the gas pressure.  
r q i a c e d  by graphite felt. 
vessel  have been completed and tested. 

Some 

It is felt that these can be temporarily solved by careful 
Eventually the lampblack will  be 

Cooling water feed and drain l ines to ihe pressure  

All flow assages in the heater were bored out to a minimum 
a r e a  of 175 cm2 (28  in. 3 ) befare assembly of the heater. The f i r s t  channel 
of 8 in. thus uses  onl;- a fraction of the heater ' s  capacity. 

Prel iminary tes t s  of the heLUAiig circuit a r e  planned for ear ly  
September with sustained temperature operation planned for  October. 
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The current coils z re  of 13 c-m x 2 0  c m  c;-oss-sec:i~r~ 2nd z1-c 
B X ~  i ~ ~ z d e  E? oi 144 turns  of copper cond-Jc'ior, 1. 8 cm x I. 8 c'. . 2il_:iar,~ c- Y--  -.__ - 
m internal cooling passage 0. 625 c i x  in Ciameter. 
;;-e& c;: 0. 2 3  c x -  running at a currext density of 870  A/cm-. 
$2. 5 k W  each. 

. -  

There ?:s 2 22313;)er con5:e;~:- 
ii 3 Ca'-: L.. -1 il . .  .. c - - is 
Figure 4 depicts a --?cent design without pole s h q i z g .  
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FIG. 1: CROSS-SECTIONAL VIEW O F  GAS HEATER 
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